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What is the effect of ​Origanum compactum​, ​Cymbopogon winterianus​,         

Eucalyptus radiata​, ​Mentha spicata essential oils and hand soap on the rate            

of respiration and the growth of ​Saccharomyces cerevisiae (Baker's yeast)          

over a 48 hour period?  

 
1. Introduction  

 
Antifungal agents can be fungicidal, that aim to kill the organisms, or fungistatic,             

that aim to stop their growth and reproduction (Pankey and Sabath, 2004). Certain             

essential oils act as growth inhibitors for microorganisms through similar processes to            

these drugs (fig. 1). Just like fungicidal drugs, the oils can dismantle the cell wall or                

attack the organelles of organisms (Nazzaro et al. 2017). The oils can inhibit the              

production of ATP, by either causing damage to the mitochondria or interfering with a              

metabolic pathway in cellular respiration, eg. Citric Acid Cycle. This lack of ATP will lead               

to slower growth or even cell death, for it is a necessary molecule in many non                

spontaneous metabolic processes inside cells. ​One theory explains that essential oils           

(EO) exhibit antimicrobial properties because plants synthesize the oils to protect           

themselves from pathogens (Swamy et al,  2016). 
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Essential Oil  Effect on Cell 

Oregano Action on fungal mitochondria 

Lemon grass  
( Citronellal - Pubchem) 

Cell wall, Inhibition of efflux pump (​proton       
gradient across cell membrane necessary     
for nutrient uptake.)  

Eucalyptus  Effect on cell growth and morphology 

Spearmint  
( linalool and linalool - Pubchem ) 

Effect on membrane/wall, quorum 
sensing  

Fig. 1 ​Table Summarizing mechanisms that Essential Oils use to impact the fungal cell              
(Mechanisms from Nazzaro et al. 2017) 
 

The invention of antimicrobial drugs was a revolutionary step in science that has             

saved countless lives. Unfortunately, due to improper usage and frequent prescriptions,           

resistant organisms have developed. The bacteria, fungi or virus with genetic mutations            

that allow them to resist medicine can escape the host. Once this happens, the genes               

allowing for this resistance can be passed to other populations. This problem has             

become especially relevant in healthcare areas and hospitals. 

One mechanism in microorganisms that display resistance is a pump that           

extracts the medicine from the target cell (see fig. 2). Drugs often aim to stop the                

functioning of an essential enzyme. Some cells change the drug’s target enzyme’s            

active site or they protect the targeted enzyme with another protein. Additional            

mechanisms include the synthesis of enzymes that directly impact the drug and can             

break the molecule down (Munita and Arias, 2016). The enzymes change the drug's             

structure so it can no  longer reach its target. 
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Figure 2. Diagram of mechanisms for antimicrobial resistance to drugs (Ghannoum &            

Rice, 1999) 

This new resistance to drugs and antimicrobial chemicals can also be seen in             

agriculture. Some crop pathogens have become resistant to fungicides, because of           

constant use of the same pesticides with a single mode of action (i.e only targeting the                

cell wall). Reducing the usage of these chemicals and ensuring that they are partnered              

with another fungicide can prevent resistance in fungi. The two must not have similar              

mechanisms, so strains resistant against one fungicide will be killed by the other. This              

could lead to the rise in a dual-resistant organisms, but this is unlikely (Derek and Brent,                

2007). Examples of chemicals that could be partnered with fungicides are essential oils.             
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They have been tested against species of ​Colletotrichum, a fungi t​hat causes            

Anthracnose, a disease found in crops of South Korean pepper farms (Hong et al,              

2015). 

 

The focus of this investigation is to evaluate the efficiency of 4 essential oils (EO)               

and hand soap as antifungal agents. In experiment A, their ability to inhibit growth is               

tested through a disk diffusion test. The inhibitors create a zone of inhibition around the               

disk, which varies depending on their strength. In experiment B, their ability to inhibit              

respiration will be measured. This will be seen through the change in ​CO​2 ​production              

over time in the presence of different inhibitors. It would be expected that the soap               

results would not differ greatly from the control, because this hand soap is not              

antibacterial/fungal. Soap removes microorganisms from hands mechanically, through        

micelles and not chemically, like antibiotics or essential oils. It should therefore have no              

impact on the growth or respiration of fungi. It would be expected that EO targeting               

mitochondria will decrease the rate of respiration more than others. This is because             

ATP will only be synthesized through fermentation and not though respiration, which            

creates more carbon dioxide (​CO​2​) per glucose molecule.  
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1.2 Preliminary Tests 

Tests were performed prior to data collection to determine the strength of the             

EOs and the soap. This would help indicate if the inhibition zones would be too large for                 

the agar dish selected, allowing us to decide how many disks could be placed on one                

dish. For experiment B, dried yeast (used in baking) yielded more significant differences             

in ​CO​2 ​production than pre-ordered yeast suspensions. It was therefore deemed to be             

better suited for this experiment. The ordered suspensions were used in Experiment A,             

because they were presumed to be more sterile than the commercially available            

packets of dried ​S. cerevisiae​. Both were the same species. The ​CO​2 ​probe gave an                

irregular curve, complicating the collection of data. A pressure probe was used instead. 

 

2.1 Independent variable  

 

Inhibitor placed with yeast in agar or yeast suspension: Oregano oil, Spearmint            

oil, Citronella oil (Java), Eucalyptus and Hand soap. Distilled Water was the control. 

Commercially available oils were used. These were mixtures of different          

components and not single molecule solutions. ​Origanum compactum (Oregano),         

Eucalyptus radiata ​(Eucalyptus) and ​Cymbopogon winterianus (Spearmint) oils were         

bought from ​Pranarôm. Mentha spicata (Citronella) manufactured by ​Puressentiel ​was          

used​.  
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2.2 Dependent Variable  

 

Experiment A: ​Size of inhibition zones. ​These increase if the inhibitor is more effective              

because ​S. cerevisiae​ won’t grow near it.  

 

Experiment B : ​Rate of Respiration. Measured using a pressure probe ( 0.1 kPa ).            ±    

Inhibitors that impact respiration will reduce CO​2 output (and therefore pressure)           

because it is a product of this process.  

 

 

2.3 Controlled Variables for Experiment A 

 

Incubation time of Yeast (48h) and incubation temperature (25 °C) was constant.            

Time fungi have to grow influences the size of the zones. Optimal growth temperature,              

30°C, was not chosen (Salari, 2017). 25 °C was deemed safer, because potential             

human pathogens could be grown at temperatures resembling those of the human            

body. (Nuffield Foundation) 

 

Volume of ​S. cerevisiae suspension used (200μL ±0.1) and concentration of           

yeast suspension (10g/L). Inhibitors would be less effective if a larger number of yeast              

was present. Suspension was shaken up before each trial to homogenise. Same            
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species and strain of ​yeast (ordered from Sordalab) was used for every trial.             

Non-identical species would interact differently with the inhibitors.  

 

Keeping the same agar recipe ( see appendix) will keep the pH, the presence of               

certain nutrients and other factors influencing growth constant. The same ​“Nutrient           

agar“​ was ordered each time from technician. 

 

Size of paper diffusion disks (7mm ±1) was kept the same, because a larger disk               

could lead to a larger inhibition area. 

 

The same ​Volume (​40 ​µL ±0.1) and Concentration of inhibitors was used. Oils             

and soap were used directly from containers without the addition of water (assumed to              

be pure). A diluted inhibitor would be less effective and would create an unequal              

comparison.  

 

2.4 Controlled Variables for Experiment B  

 

Time the organisms were exposed to the oils and soap ​was constant (5 minutes).              

The solutions were left for equal periods after the inhibitor and glucose were added.              

Inhibitors acted on the yeast for the same length of time. 
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Water bath temperature (30 °C ±1) A higher temperature could lead to more             

metabolic activity or a decrease if denaturation of enzymes occurred. This would make             

yeast produce more CO​2​, because they would respire more. Suspension was kept at             

30°C, because it is the optimum growth temperature of S. cerevisiae (Salari, 2017). It              

did not matter if it was near human body temperature, because no pathogens would              

have time to grow. 

 

Concentration of inhibitor (“pure”), yeast suspension (50g/L ±0.1) and glucose          

solution​(20 g/L ±0.1​) w​ere the same. ​Volume of inhibitor (​5 mL ​±0.1), yeast suspension              

(​15 mL ​±0.1) and glucose solution (5 mL ​±0.1) were constant. Having more yeast would               

increase the CO​2 produced because more organisms would be respiring. If the            

concentration of inhibitor increased, the CO​2 output could decrease because more           

phytochemicals (the EO) could damage the cells. Glucose is used as an energy source              

instead of a dimer or polymer, to reduce the time taken to metabolise.  

 

3.1 Procedure for Experiment A  

 

The Kirby Bauer disk diffusion test is an official method for testing antimicrobial             

activity in many clinical laboratories ​(Balouiri et al, 2016). ​S. cerevisiae was chosen             

because it is easily available and non pathogenic. It is also an organism widely used for                

studying eukaryotes, making it easier to compare results. (Shen et al, 2014) 
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Prior to the experiment, a yeast solution (10g/L) was ordered. Nutrient Agar was             

prepared by technician. Sterile environment was prepared with a Bunsen burner and            

disinfectant wipes. 

 

Agar was inoculated with 200 µL 0.1 yeast solution and evenly spread. This      ±        

was allowed to dry until the surface was not reflective. Metal pincers were passed              

through Bunsen flame after every interaction to sterilise them. 40 µL 0.1 of distilled          ±    

water was placed on filter-paper disk. Filter-paper disk was then allowed to dry for a few                

seconds before being placed on the agar (fig 3). Two more disks were added with the                

same process. Only 3 disks were placed on each agar dish to avoid inhibition zone               

overlap. The same process was repeated for the EO and soap.  

 

 
Figure 3 - Diagram of Experiment A - Authors Image 
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The petri dishes containing the yeast were set aside upside down to avoid             

problems with condensation. They were placed in an incubator at 25​°C for a period of               

48h. The zones of inhibition were then measured over a lit-up surface to facilitate              

identification of their radius. The zones were often not clear or were larger than the               

expected boundaries, so an estimation was made. If only one side of the circle was               

clear, the radius was multiplied by 2. Smallest radius was always taken. If any disks had                

moved the zones were estimated as shown in figure 4.  

 
Fig 4. Eucalyptus trial where disk moved and zone was estimated  
 
Note ​: methylene blue dye was placed on yeast cultures to better identify inhibition              

zones by staining the walls of the fungi. This did not work because the dye stains dead                 

cells. (Sharga et al, 2017) 
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3.2 Procedure for Experiment B: Inhibition of respiration 

  

A yeast solution (50g/L 0.1) was made up from pure, dried baker's yeast and   ±           

bottled water. Test tubes were set up with ​5 mL 0.1 ​of an inhibitor (or additional water         ±        

for control), 15 mL 0.1 of yeast solution and 5 mL 0.1 glucose solution (20 g/L 0.1​).   ±       ±     ±  

This was shaken 3 times and left to sit for 1 minute before being transferred to a hot                  

bath at 30 C 1 for 4 minutes. This was done to allow the inhibitor to take action and to   ±                 

allow the dried yeast to start respiring. Glucose was used, because it was metabolised              

faster than a dimer or polymer.  

After being removed from the water-bath, a pressure probe was linked up to the              

test tube (fig 5). The joints of the tubing were sealed to ensure minimal leakages.               

Pressure was measured over 40 seconds. This was repeated for every inhibitor.  

 
Figure 5. Experiment B diagram - Author’s Image 
 
Note: The author averaged a reaction speed of 238ms using an online program             

(Human benchmark). The uncertainty associated with time in experiment B was           

minimal. 
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3.3 Ethical and Safety Issues 

 

Contaminated agar was safely disposed of by technician after trials. Unknown           

microbes or potential pathogens could have been grown. The temperature of the            

incubator was kept under the human body temperature. No antifungal drugs were used             

because resistant organisms could be cultured. The highly flammable material was kept            

clear of the flame to avoid combustion.  

 

4.1 Statistical Tests and Analysis 

 

For experiment B, it was observed that the standard deviation of the control             

results greatly decreased (from 1.79 to 0.690) when the result from test 5 (see              

appendix) was omitted. It was left out when calculating the error bars in the graphs to                

reduce overlap with the inhibitors. However, this result was not taken out during the              

ANOVA statistical test because 5 values are needed. This selecting of data was             

performed to facilitate comparisons between variables. It was assumed that the last test             

of the control was an error, because the control had the largest standard deviation. This               

reflects a degree of uncertainty, because the data had to be adjusted for the tests to be                 

run. This must be taken into consideration when evaluating the data.  
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Fig 6. Experiment B - Rate of respiration in the presence of inhibitors - Error Bars                
represent standard deviation 
 

The biggest change in pressure shows the production of the most CO​2​. Non             

overlapping standard deviation error bars are a sign of potential significant difference            

between results. In figure 6, the highest average was the control, which was expected,              

seeing as non-inhibited respiration would lead to the highest levels of CO​2 produced.             

The oregano had the lowest respiration rates. The average for every inhibitor, including             

soap, was lower than the control. However, the only non-overlapping results are            

oregano’s relative to the control, green mint and soap. This shows how the only inhibitor               

that displayed inhibition of respiration was oregano because it was significantly different            

from the control. It was also significantly more efficient at blocking respiration than             

green mint and soap, who had the second and third highest averages respectively.             
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Many of the error bars are only overlapping slightly, so an additional statistical test was               

used.  

 
An ANOVA with a post hoc Bonferroni and Holm statistical test was performed              

on the metabolism results using an Excel calculator. The ANOVA test allows us to verify               

the statistical difference between at least 2 groups. The Bonferroni and Holm tests will              

allow us to check for significant differences between pairs of data relative to the control               

(McDonald et al, 2014). This would indicate which inhibitors were different from the             

control and therefore could be considered to have influenced respiration. 

 

A F-value of 1.961 with a corresponding p-value of 0.121 were found. No             

significant difference was found for a level of significance of p < 0.05. Despite this, a                

post hoc test was performed to check for differences between groups and the control.              

The ANOVA and post hoc tests do not always match and differences between groups              

may be missed if data is dismissed after an insignificant ANOVA test. (Chen et al, 2018)  

 

Fig 7. Table for Bonferroni and Holm test results - Screenshot from Excel - Calculations               
in appendix 
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The Holm test (fig 7) shows that the results for oregano are significantly different              

to the control. Therefore, oregano can potentially impact ​CO​2 production and           

consequently the respiration rate of ​S. cerevisiae​. This supports the literature that states             

that only oregano acts on the mitochondria of the cell. The Bonferroni test shows no               

significance. The contradictions between tests reduces the reliability of these results           

and the conclusions drawn from them, even if the error bars and the Holm test are in                 

agreement.  

 

After establishing that oregano is the only inhibitor that impacts respiration, the            

efficiency of the inhibitors against ​S. cerevisiae ​was compared. Is the inhibition of             

respiration the most efficient mechanism to reduce growth in this species? 
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Figure. 8 Experiment A : Results for Disk diffusion test - Error Bars represent Standard               
Deviation 
  

The control has the lowest inhibition zone. Figure 8 shows that the soap, the              

inhibitor with the lowest average of 9.3, has error bars overlapping with the control. This               

shows how it does not display antifungal properties. There is no overlap between any of               

the EO and the control, showing that they all have an impact on the growth of ​S.                 

cerevisiae​. Oregano possesses the greatest antifungal capacities (at 40.5mm 1) if the        ±    

standard deviation of the results is not considered. However, the error bars overlap             

between oregano and spearmint, showing that there is no significant difference between            

the two EO. Oregano is a better inhibitor than eucalyptus (12.6 mm 1) and            ±   
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lemongrass (18.8mm 1). An additional statistical test was performed to verify ±          

significance.  

 
 

 
Fig. 9. ​Bonferroni and Holm test results showing significant different to control  
 

Another ANOVA with a post hoc Bonferroni and Holm test was performed as             

before. A F-value of 49.14 and a corresponding p-value lower than 0.05 resulted. This              

indicates the presence of a statistically significant difference. The Bonferroni and Holm            

test (fig 9) show the significant difference relative to the control. Only Eucalyptus and              

soap show no significant difference showing that they do not inhibit growth. There is no               

disagreement between any of the tests except for the eucalyptus. Therefore, oregano,            

green mint and lemongrass show stronger antifungal properties. Eucalyptus shows          

more moderate inhibition.  

 

R- Value correlation  

 

A R-value correlation was performed to ensure there was no inverse correlation            

between the ​CO​2 measured and the inhibition zone size. This would help confirm that              
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the oregano was blocking respiration and not just killing the yeast proportionally faster             

than the others. A high correlation signifies that low ​CO​2 production was due to less               

organisms being present and not the inhibition of respiration. 

 

The R-value calculated was -0.67, showing that there is a weak negative            

correlation. This indicates the possibility that the inhibitors are not blocking respiration            

and are simply killing the organisms. If this is the case, then the ​CO​2 output goes down                 

because there are fewer yeast present and not that the mitochondrial function is             

disrupted by the oregano. This would render previous statistical tests on experiment B             

irrelevant. It is unlikely because, as seen previously, the results support the literature.  

 

5.1 Evaluation  

 

A major issue was the aseptic technique. The lab where the experiments were             

performed did not have the standard level of sterility (no laminar airflow). Therefore,             

ensuring that no contaminants had entered the growth medium was impossible. These            

foreign species could be more or less resistant to the inhibitors and could even have a                

competitive relationship with ​S. cerevisiae​. Even if repeated trials showed similar           

results, it is highly possible that they were contaminated with the same microorganisms             

because dishes were exposed to similar environments. However, after measurements          

were taken, a sample was taken from petri dishes where growth seemed irregular or              

contrasting to other colonies (fig.10) and examined under the microscope.  
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Fig 10 - photographed results from soap trial where colonies were non-homogenous 
 
No contrast was found between microorganisms in colonies A and B shown above. This              

test would not identify all species but it did add some degree of certainty to the sterility                 

of the tests. It was assumed that yeast colonies didn’t grow enough to connect, due to                

uneven spread of the yeast solution. The colonies could have been left to grow before               
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the disks were applied. This could allow for more clear inhibition zones and a more even                

growth of yeast.  

Some zones were too big and the dilution of the essential oils to a lower               

concentration could have been beneficial to obtain smaller and more clear cut inhibition             

areas. It was also deemed more efficient to have only 3 disks per agar dish, so that                 

inhibition zones would not overlap but less agar would be wasted (compared to having 1               

disk per dish).  

 

The McFarland standard is used to ensure that the same “concentration” of yeast             

suspension is used. It was not used, but yeast were ordered at a specific concentration.               

It was deemed more efficient and sterile than creating a solution from isolated colonies.              

This must be considered when comparing data with literature because a different            

number of S. cerevisiae could be present when agar was inoculated. Additionally, the             

oils were assumed to be pure (no labeling on containers was found). This could lead to                

differences between collected and literature data.  

 

The eucalyptus oil was the most volatile oil. It evaporated the fastest when a drop               

from each EO was placed on a dish. The quantity that stayed on the disks could impact                 

the size of the inhibition zones. To minimise this, the “agar dilution test”, where inhibitors               

are dissolved into the agar, could be used. A drop of the yeast is placed on the agar                  

instead of being spread. The ​disk diffusion test was used because the agar dilution test               

is more time consuming and allowed for more chances of contamination (Gaudreau,            
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2007). The agar dilution test is used to determine the minimum concentration of the              

inhibitor needed to stop growth. The inhibitor with the lowest minimum inhibitory            

concentration (MIC) would be the most efficient antifungal agent.  

 

5.2 Source Evaluation and Comparison 
 

The Disk Diffusion procedure allowed for easier comparison of data, because it is             

commonly used. No data on respiration inhibition of these oils could be found, ​so values               

were compared to the literature modes of action instead. 

 

It is challenging to precisely compare collected data with other sources due to the              

experimental conditions varying from test to test. This has also been reported in other              

studies, where different incubation times, EO concentrations and yeast strains are used.            

This leads to a difficulty in data comparison (Erguden & Konuk, 2019). The             

concentration of molecules responsible for growth inhibition (i.e Eugenol) can also vary            

in plants grown in different conditions (Lingan, 2018). The inhibition zones were unclear             

or non-circular for some trials, making the determination of a precise radius difficult.  

Any literature data discussing antifungal EOs was initially used to compare           

because the inhibitors were assumed to act similarly on eukaryotes with related            

ultrastructures. Data was selected from ​S. cerevisiae​, because the difference in           

resistance between organisms for the same EO proved to be greater than anticipated.  
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Some sources were assumed to be more reliable because they were found in             

databases like the National Center of Biotechnology Information (NCBI) where works           

are reviewed. Articles that used an appropriate structure (Introduction, Method, Results,           

Discussion), cited their sources, presented information about the authors and the           

institutions were considered reasonably reliable. However, certain studies could be          

influenced by conflicts of interest with financial investors (Romain, 2015). The most            

recent sources were chosen when possible, because they were assumed to contain the             

newest information. The only article with unidentified authors was from “DrugBank”.           

However, this resource has been evaluated by other researchers (Wishart et al, 2007) 

 

5.2 Discussion and Conclusion 

Having taken into account the possible errors with the procedure, the           

literature values differ from those collected (fig. 11). 

 
Essential Oil 

Inhibition Zone diameter (mm)  
Authors / Sources 

Experimental Value Literature Value 

Eucalyptus 12.6 15.0 Tyagi et al, 2014 

Oregano  40.5 30.0 Çoşkun et al, 2016 

Spearmint 27.4 16.0 Çoşkun et al, 2016  

Lemon grass 18.8 28.0 Helal et al, 2006 
Figure 11 Table Summarising literature values against experimental values for EO 
 

This is expected, because of the number of errors that occurred. The highest and              

lowest values, oregano and eucalyptus respectively, are the same in the literature and             
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experimental values. The standard deviation indicated that the EOs possess antifungal           

properties. ​However, the ANOVA with post hoc ​Bonferroni and Holm test indicated that             

eucalyptus was not antifungal. It is the EO with the smallest inhibition zone (both in the                

literature and experimentally). This can explain the result of the statistical test.            

Determining the most effective oil is difficult due to some overlap between data sets.              

However, it could be suggested that oregano and spearmint exhibited the largest            

antifungal properties, because they have the largest means. This does not support the             

literature data, because spearmint had the second lowest inhibition zone diameter of            

16mm. We can note that spearmint, unlike oregano, had overlapping error bars with             

lemongrass.  

Soap has a higher average than the control. 1 of the 23 constituents of the hand                

soap, Methylchloroisothiazolinone, was found to inhibit fungal growth (Drugbank). The          

ANOVA statistical test and the error bars show that there was no antifungal activity in               

the soap. We can conclude that only the EO showed antimicrobial properties. 

 

For experiment B, oregano had the lowest amount of CO​2 produced. It is the only               

inhibitor that shows some significant differences to the control (seen in post hoc test and               

standard deviation). Oregano is the only EO to inhibit growth by damaging the             

mitochondria. However, the yeast were assumed to not have been killed, because the             

time that the inhibitors were in contact with the organisms was minimal. The respiration              

inhibition should not be proportional to the growth inhibition if this is the case. The               
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R-value of correlation (-0.67) suggests this could be possible, meaning experiment B            

does not demonstrate the inhibition of respiration.  

Regular hand soap washes away microorganisms by creating micelles. The error           

bars overlap, showing that this difference could be insignificant. There is much            

uncertainty in the results collected because of the contradictory statistical tests, as well             

as the potential correlation between growth and respiration results.  

 

An additional measurement could be the change in extracellular pH after the            

addition of EO. It would indicate damage to the cell membrane, because of the              

differences in pH inside and outside the yeast (Erguden & Konuk, 2019). Changes in              

the duration of the cell cycle stages could also indicate the action of EO on cell growth                 

or replication (Kono et al, 2016). Inhibition of biofilm formation is also interesting.             

Qualitative analysis using red congo agar, which changes colour in the presence of             

biofilms, could aid with this ​analysis (Kırmusaoğlu 2019). These measurements would           

provide additional evidence to the EO’s modes of action proposed by the literature.  

 

 

25 



 
 
 
Works Cited  
 
Balouiri, Mounyr, et al. “Methods for in Vitro Evaluating Antimicrobial Activity: A 
Review.” ​Journal of Pharmaceutical Analysis​, vol. 6, no. 2, 2016, pp. 71–79., 
doi:10.1016/j.jpha.2015.11.005. 
 
Chen, Tian, et al. “Relationship between Omnibus and Post-Hoc Tests: An Investigation 
of Performance of the F Test in ANOVA.” ​Shanghai Arch Psychiatry​, 25 Feb. 2018, 
doi:10.11919/j.issn.1002-0829.218014. 
 
Çoşkun, Fatma & Sivri, Gökseltirpanci & Demirci, Ahmet. (2016). Anti-Yeast Effects of 
Some Commercial Essential Oils against Food-Related Yeasts. IOSR Journal of 
Environmental Science, Toxicology and Food Technology (IOSR-JESTFT). 102440. 
2319-2402. 10.9790/2402-1011048388.  
 
DrugBank ​“Methylchloroisothiazolinone.” ​DrugBank​, 
https://www.drugbank.ca/drugs/DB14197. 
 
Erguden, Bengu, and Hatice Busra Konuk. “Antifungal Activity and Inhibition 
Mechanisms of Various Plant Derived Natural Compounds against Yeast Cells.” 
EPSTEM​, vol. 5, 2019, pp. 38–42., 
https://dergipark.org.tr/en/download/article-file/740991. 
 
Gaudreau, C., et al. “Comparison of Disk Diffusion and Agar Dilution Methods for 
Erythromycin and Ciprofloxacin Susceptibility Testing of Campylobacter Jejuni Subsp. 
Jejuni.” Antimicrobial Agents and Chemotherapy, vol. 51, no. 4, 2007, pp. 1524–1526., 
doi:10.1128/aac.00905-06.  
 
Ghannoum, Mahmoud A., and Louis B. Rice. “Antifungal Agents: Mode of Action, 
Mechanisms of Resistance, and Correlation of These Mechanisms with Bacterial 
Resistance.” ​Clinical Microbiology Reviews​, American Society for Microbiology 
Journals, 1 Oct. 1999, https://cmr.asm.org/content/12/4/501. 
 
Helal, G. A., et al. “Antimicrobial Activity of Some Essential Oils Against Microorganisms 
Deteriorating Fruit Juices.” ​Mycobiology​, vol. 34, no. 4, 2006, p. 219., 
doi:10.4489/myco.2006.34.4.219. 
 

26 



 
 
 
Hollomon, Derek W, and Keith J Brent. “Fungicide Resistance in Crop Pathogens: How 
can it be managed?” ​Croplife International : Fungicide Resistance Action Committee ​no. 
2nd, 2007, 
https://www.frac.info/docs/default-source/publications/monographs/monograph-1.pdf. 
 
Hong, Jeum Kyu, et al. “Application of Volatile Antifungal Plant Essential Oils for             
Controlling Pepper Fruit Anthracnose by Colletotrichum Gloeosporioides.” ​The Plant         
Pathology Journal​, vol. 31, no. 3, 30 Sept. 2015, pp. 269–277.,           
doi:10.5423/ppj.oa.03.2015.0027. 
 
Kono, Keiko, et al. “Plasma Membrane/Cell Wall Perturbation Activates a Novel Cell 
Cycle Checkpoint during G1 InSaccharomyces Cerevisiae.” ​Proceedings of the National 
Academy of Sciences​, vol. 113, no. 25, 21 June 2016, pp. 6910–6915., 
doi:10.1073/pnas.1523824113. 
 
Kırmusaoğlu, Sahra. “The Methods for Detection of Biofilm and Screening Antibiofilm 
Activity of Agents.” ​Antimicrobials, Antibiotic Resistance, Antibiofilm Strategies and 
Activity Methods​, Jan 2019, doi:10.5772/intechopen.84411. 
 
Lingan, Kishmu. “A Review on Major Constituents of Various Essential Oils and Its 
Application.” ​Translational Medicine​, vol. 08, no. 01, 2018, 
doi:10.4172/2161-1025.1000201. 
 
McDonald, John H. ​Handbook of Biological Statistics​. 3rd ed., Sparky House Publishing, 
2014 
 
Munita, Jose M., and Cesar A. Arias. “Mechanisms of Antibiotic Resistance.” ​Virulence 
Mechanisms of Bacterial Pathogens, Fifth Edition​, pp. 481–511. 2016 
doi:10.1128/microbiolspec.vmbf-0016-2015. 
 
National Center for Biotechnology Information. PubChem Database. Citronellal, 
CID=7794, https://pubchem.ncbi.nlm.nih.gov/compound/Citronellal (accessed on Sept. 
19, 2019) 
 
Nazzaro, Filomena, et al. “Essential Oils and Antifungal Activity.” Pharmaceuticals, vol. 
10, no. 4, Feb. 2017, p. 86., doi:10.3390/ph10040086. 
 

27 



 
 
 
Nuffield Foundation. “Incubating and Viewing Plates.” ​Nuffield Foundation​, Oct. 2011, 
https://www.nuffieldfoundation.org/practical-biology/incubating-and-viewing-plates. 
 
Pankey, G. A, and L. D. Sabath. “Clinical Relevance of Bacteriostatic versus 
Bactericidal Mechanisms of Action in the Treatment of Gram-Positive Bacterial 
Infections .” ​Clinical Infectious Diseases ​, vol. 38, 15 Mar. 2004, 
https://academic.oup.com/cid/article/38/6/864/320723. 
 
Romain, Paul L. “Conflicts of Interest in Research: Looking out for Number One Means 
Keeping the Primary Interest Front and Center.” ​Current Reviews in Musculoskeletal 
Medicine​, vol. 8, no. 2, Aug. 2015, pp. 122–127., doi:10.1007/s12178-015-9270-2. 
 
Salari, Roshanak, and Rosita Salari. “Investigation of the Best Saccharomyces 
Cerevisiae Growth Condition.” Electronic Physician, vol. 9, no. 1, 2017, pp. 3592–3597., 
doi:10.19082/3592. 
 
Sharga, Boris & Pylypiv, Diana & Feketa, Volodymir. (2017). MEDICAL BIOLOGY 
PRACTICALS. CYTOLOGY. Practical 4. Differentiation between living and dead 
eukaryotic cells by staining..  
 
Shen, Lulu et al. “Response of Saccharomyces cerevisiae to the stimulation of 
lipopolysaccharide.” ​PloS one​ vol. 9,8 e104428. 8 Aug. 2014, 
doi:10.1371/journal.pone.0104428 
 
Swamy, Mallappa Kumara, et al. “Antimicrobial Properties of Plant Essential Oils 
against Human Pathogens and Their Mode of Action: An Updated Review.” 
Evidence-Based Complementary and Alternative Medicine​, vol. 2016, 2016, pp. 1–21., 
doi:10.1155/2016/3012462. 
 
Tyagi, Amit Kumar, et al. “Eucalyptus Essential Oil as a Natural Food Preservative:In 
VivoandIn VitroAntiyeast Potential.” ​BioMed Research International​, vol. 2014, 2014, 
pp. 1–9., doi:10.1155/2014/969143. 
 
Wishart, David S., et al. “DrugBank: a Knowledgebase for Drugs, Drug Actions and 
Drug Targets.” ​Nucleic Acids Research​, vol. 36, no. suppl_1, 29 Nov. 2007, 
doi:10.1093/nar/gkm958. 
 
 

28 



 
 
 
Additional Reading  
 
Walsh, R. M., and P. A. Martin. “Growth Of Saccharomyces Cerevisiae And Saccharomyces 
Uvarum In A Temperature Gradient Incubator.” Journal of the Institute of Brewing, vol. 83, no. 3, 
June 1977, pp. 169–172., doi:10.1002/j.2050-0416.1977.tb06813.x 
 
Branswell, Helen. “Superbug Resistant to Last-Resort Antibiotic Arises in China.” ​Scientific 
American​, 27 Jan. 2017, 
https://www.scientificamerican.com/article/superbug-resistant-to-last-resort-antibiotic-arises-in-c
hina/?redirect=1. 
 
Omonijo, Faith A., et al. “Essential Oils as Alternatives to Antibiotics in Swine 
Production.” ​Animal Nutrition​, vol. 4, no. 2, 2018, pp. 126–136., 
doi:10.1016/j.aninu.2017.09.001. 
 
 
Appendix 
 
Agar Recipe : ​0.5% Peptone, 0.3% beef extract/yeast extract, 1.5% agar, Distilled 
water, pH is adjusted to neutral (7.4) at 25 °C. 

28 g of nutrient agar powder suspended in 1 litre of distilled water (Aryal, 2018) 
 
Aryal, Sagar. “Nutrient Agar: Composition, Preparation and Uses.” ​Microbiology 
Info.com​, 26 Sept. 2018, 
https://microbiologyinfo.com/nutrient-agar-composition-preparation-and-uses/. 

 
Raw Data  
 
Experiment A : Inhibition zones 
Table showing results for each trial ( averages and standard deviation also shown) 

 Inhibition Zone Diameter ( ± 1mm)  

Inhibitor  Trial 
1 

Trial
2 

Trial 
3 

Trial 
4 

Trial 
5 

Trial 
6 

Trial 
7 

Trial 
8 

Trial 
9 

Trial  
10 

Trial 
11 

Trial 
12 

Averag
e 

σ 
Stan
dard 
devia
tion  
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Control  7 7 8 7 7 7 8 7 7 8 8 7 7.33 0.471 

Eucalyptus  12 10 x 10 x x 17 11 x 16 15 10 12.625 2.736 

Oregano 35 30 25 40 40 20 47 51 55 46 56 x 40.455 11.42 

Spearmint 27 26 34 30 36 28 25 32 24 23 17 27 27.416 4.941 

Lemongra
ss 

20 16 x 24 22 15 18 19 14 22 11 26 18.818 4.345 

Hand 
Soap 

17 x x 8 8 10 8 7 8 9 8 10 9.3 2.722 

Diameter of disk : 7 mm 
X → unclear inhibition zone  
 
 
Experiment B : Respiration Inhibition  
 
Table showing results for each trial ( averages and standard deviation also shown)  

 Difference in pressure ( kPa) after 5 mins for 40 secs   

Essenti
al Oil /   
Inhibito
r  

TEST 1 TEST 2 TEST 3 TEST 4 TEST 5  Averag
e 

Standard 
Deviation 

Control 2.16 0.93 
 

1.57 2.79 6.05 
 

2.7 1.79 

Eucalypt
us 

  

2.33 
 

1.98 1.33 0.58 1.69 1.582 0.600 

Oregano  0.29  1.16 0.69 
 

1.28 
 

0.82 0.848 
 

0.352 
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Spearmi
nt 

3.43 2.5 1.46 1.4 
 

1.69 2.096 0.774 

Lemong
rass  

1.62 2.33 0.93 1.51 0.99 1.476 0.507 

Hand 
Soap  
 

1.97 1.22 2.55 
 

1.45  
 

1.56 
 

1.75 0.468 

 
 
 
ANOVA 1 way statistical test for experiment B  
 

 
 
 

 
Screenshot of formulas used in ANOVA test  
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ANOVA for experiment A  
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